ABSTRACT A study was conducted to evaluate Thr responses in Large White (British United Turkeys) male turkeys during three time periods: 0 to 3, 3 to 6, and 6 to 9 wk of age. The Thr-deficient diets, fed in 3-wk intervals, were composed primarily of corn, peanut meal, poultry meal, and soybean meal as intact protein sources and supplemented with amino acids. Graded levels of L-Thr were added to the Thr-deficient diets. Another group of turkeys received a cornsoybean-poultry meal control diet in each time period. Diets were formulated to meet a minimum of 110% of suggested amino acid specifications (NRC, 1994) for all essential amino acids, except Thr. Feed intake, BW gain, and feed:gain responses were measured. Average environmental temperatures for Weeks 1, 2, and 3 were 29, 27, and 24 C, respectively. From 4 to 9 wk of age, average environmental temperatures varied between 24 and 35 C. Turkeys in each time period responded to Thr in a curvilinear manner with responses at the asymptote being equivalent to turkeys fed the corn-soybean meal control diets. Adequate dietary Thr levels for gain and feed:gain for the 0 to 3 wk period were 0.93% (3.21 g Thr/Mcal ME) and 0.97% (3.34 g Thr/Mcal ME) of diet, respectively. From 3 to 6 wk of age, the level of dietary Thr needed to support adequate BW gain and feed:gain was 0.88% of diet (2.81 g Thr/Mcal ME). The level of dietary Thr needed to support adequate BW gain and feed:gain from 6 to 9 wk of age was 0.77% of diet (2.30 g Thr/Mcal ME). These results indicate that the NRC (1994) estimations of Thr needs up to 9 wk of age are more than adequate.
INTRODUCTION
Turkeys, compared to broilers, have high dietary CP needs, but the dietary CP level could possibly be reduced if there were adequate knowledge of the minimum levels of essential amino acids needed to support growth and muscle mass of turkeys. Reducing dietary CP in starting and growing turkeys would reduce feed cost (Noble et al., 1996) and may reduce leg abnormalities (Ferket and Sell, 1989) . Stas and Potter (1982) reduced CP to 22% in Met-adequate corn-soybean meal diets fed to starting poults and determined that supplements of Lys, Val, Thr, and Ile were required for maximal growth. Recent research in Large White turkeys suggest that Thr is the third limiting amino acid after Met and Lys (Lilburn and Barbour, 1996; Waibel et al., 1996; Kidd et al., 1997; Lehmann et al., 1997; Mack et al., 1997) .
The NRC (1994) recommends a dietary Thr level of 1.0% of diet from 0 to 4 wk of age for Large White males (Dunkelgod et al., 1970; D'Mello, 1976) and for Bronze males and females (Warnick and Anderson, 1973) . Hurwitz et al. (1983) estimated Thr requirements up to 24 wk of age using a mathematical model that considered maintenance needs, carcass weight gain, and feather weight. This model was based on data from male and female British United Turkeys (BUT). Lilburn and Barbour (1996) evaluated Thr requirements in Large White males from 1 to 14, 21 to 35, 55 to 69, 77 to 92, and 99 to 114 d of age. They concluded that the NRC (1994) overestimated Thr needs for gain, feed conversion, and muscle weights at younger ages and underestimated Thr needs for maximal gain and carcass development at the two oldest ages (Lilburn and Barbour, 1996) . Recent research evaluated Thr needs from 0 to 4, 8 to 12, and 16 to 20 wk of age in BUT Big 6 males and found dietary Thr levels of 0.95, 0.69, and 0.64% of diet, respectively, to be adequate for growth and carcass development . The findings of Lehmann et al. (1997) point to the emergence of Thr as a critical amino acid for breast meat development and imply that the NRC (1994) Thr requirement from 16 to 20 wk of age (0.60% of diet) may be too low. In the present study, Thr limiting diets were created to evaluate Thr needs in a dose response manner for BW gain and feed conversion from 0 to 3, 3 to 6, and 6 to 9 wk of age in Large White BUT males.
MATERIALS AND METHODS
One-day-old Large White BUT male poults were obtained from a commercial hatchery 2 on May 12, 1997. All poults were individually weighed to establish a BW distribution curve. Poults with BW in the lightest or heaviest 5% of the group were removed from the experiment. The remaining poults were randomly allotted to 96 floor pens containing one tube feeder, one automatic bell waterer, one infrared brooding stove, and new pine shavings. Each pen contained 30 poults (0.31 m 2 floor space per poult). Poults were provided 23 h incandescent light/d for the 1st wk and natural light thereafter. The experimental facility was a curtain-sided house with 48 pens on each end of the building with a common storage facility in the middle. There were two hallways in each end of the experimental facility. Each hallway contained one propane heater near the end of each hall. Three ceiling fans, upward diverted, distributed the heat evenly throughout the experimental facility. Temperature for the experimental facility was 29 C for Week 1, 27 C for Week 2, 24 C for Week 3, and varied between 24 and 35 C thereafter. This study was conducted under the guidelines of the Institutional Animal Care and Use Committee.
Dietary responses to Thr were evaluated from 0 to 3, 3 to 6, and 6 to 9 wk of age. The experimental design (Table 1) consisted of eight treatments representing seven graded levels of Thr [deficient Thr (approximately 70% of NRC, 1994) to excessive Thr (approximately 107% of NRC, 1994) ] and a control diet adequate in Thr (six replications per treatment). The Thr-deficient diets contained 0.71, 0.66, and 0.51% Thr for the 0 to 3, 3 to 6, and 6 to 9 wk periods, respectively. Graded levels of crystalline L-Thr were added at the expense of washed builders sand. Peanut meal was used in the test diets because it is limiting in Thr. Peanut meal was combined with corn, soybean meal, and poultry meal in linear programming to design a Thr-deficient diet. Also, the combination of peanut meal, corn, soybean meal, and poultry meal resulted in CP levels that would typically render dietary threonine as limiting using ingredients that are usually fed (e.g., corn, sorghum, wheat, and soybean meal). Sodium bicarbonate was added in the Thr-deficient test diets to balance Cl so that dietary electrolyte balance (as defined as Na + K -Cl) met a minimum of 150 mEq/kg of diet. Turkeys receiving the experimental treatments during the 3 to 6 and 6 to 9 wk period received a common basal diet from 0 to 3 and 3 to 6 wk of age, respectively. Before diet formulation and manufacture, protein contributing ingredients in the Thr-deficient diets were analyzed for CP and amino acids (Association of Official Analytical Chemists, 1995) and used to adjust amino acid composition. The Thrdeficient and control diets from 0 to 3, 3 to 6, and 6 to 9 wk of age were formulated to contain a minimum of 110% of NRC (1994) suggested amino acid recommendations (except Thr) from 0 to 4, 4 to 8, and 8 to 12 wk of age, respectively. Diets fed from 0 to 3 wk of age were in crumble form and diets fed from 3 to 9 wk of age were in the form of 4 mm pellets.
Pen BW were obtained at 0, 3, 6, and 9 wk of age. Feed consumption was calculated for the 0 to 3, 3 to 6, and 6 to 9 wk periods. Mortality during the experiment were recorded and weighed to determine feed conversion adjusted for mortality.
Data from treatment means were analyzed as a completely randomized design using the General Linear Models procedure of the SAS ® Institute (1987). When differences (P < 0.05) among means were found, means were separated using Tukey's Studentized range test. Linear and Quadratic Thr dose response curves were plotted using the GLM procedure of SAS ® (1987). When graded levels of Thr resulted in a significant quadratic response for a given parameter, the level of Thr deemed adequate for the response parameter was calculated as 95% of the upper asymptote. Pen was the experimental unit for all analysis. Mortality data were transformed using arc sine percentage transformation prior to analysis.
RESULTS
The best Thr response of turkeys for feed intake, BW gain, and feed:gain was statistically equivalent to that of turkeys fed the corn-soybean meal control diet in all time periods (Table 2) . Turkeys responded favorably to increments of L-Thr, demonstrating that the basal diet was clearly deficient in Thr. Peak BW gain responses of turkeys fed the Thr-deficient diets were 25.9, 62.2, and 102.2 g per bird per d for the 0 to 3, 3 to 6, and 6 to 9 wk periods, respectively. From 0 to 3 wk of age, feed intake and BW gain were improved (P ≤ 0.001) as Thr was increased from 0.71 to 0.77% of diet. From 3 to 6 wk of age increasing Thr from 0.66 to 0.72% of diet improved (P ≤ 0.001) feed intake, BW gain, and feed conversion. Increasing dietary Thr from 0.51 to 0.63% of diet improved (P ≤ 0.001) BW gain and feed conversion in the 6 to 9 wk period. Treatment differences in mortality were not significant (data not presented). Cumulative livability averaged 99.6, 99.7, and 99.4% at 3, 6, and 9 wk of age, respectively.
Turkeys fed graded levels of Thr had significant quadratic responses (where Y = BW gain or feed conversion and X = percentage dietary Thr) for BW gain and feed conversion in each time period (Figures 1 to 3) . The Thr level deemed adequate for BW gain and feed conversion responses was set at 0.95% of the asymptote. From 0 to 3 wk of age the quadratic response curves for BW gain and feed conversion are presented in Figure 1 . The levels of Thr needed for adequate BW gain and feed conversion from 0 to 3 wk of age were 0.93% (3.21 g/ Mcal ME) and 0.97% (3.34 g/Mcal ME) of diet, respectively. Quadratic response curves from the 3 to 6 wk period for BW gain and feed conversion are presented in Figure 2 . The level of dietary Thr needed to support adequate BW gain and feed conversion was determined as 0.88% of diet (2.81 g/Mcal ME). Figure 3 represents quadratic response curves for BW gain and feed conversion responses from 6 to 9 wk of age. A Thr level of 0.77% of diet (2.30 g/Mcal ME) was determined as adequate for BW gain and feed conversion responses.
DISCUSSION
The experimental test diets consisted of a mixture of peanut meal and soybean meal with corn so that diets would contain approximately 70% of the NRC (1994) Thr recommendations. Feed intake and BW gain responses to Thr indicated that the basal diets were clearly deficient in Thr (Table 2) . Supplements of DL-FIGURE 1. Body weight gain and feed:gain in 0-to 3-wk-old turkeys as affected by percentage total dietary Thr. Met, L-Lys·HCl, L-Ile, L-Val, and L-Trp were required so that essential amino acids met a minimum of 110% of NRC (1994) suggested recommendations. The CP levels of the control corn-soybean meal diets were 17, 15, and 26% higher than the Thr-deficient diets from 0 to 3, 3 to 6, and 6 to 9 wk of age, respectively. It has been suggested that the dietary Thr requirement is a function of CP in broiler diets, up to an adequate protein level (Robbins, 1987) . Thus, evaluating Thr responses in test diets low in CP relative to NRC (1994), independent of amino acid inadequacy, may yield Thr requirements, expressed as a percentage of diet, lower than anticipated values. The hypothesis that Thr is a function of CP has not been tested in turkeys, but may warrant investigation due to the high CP needs of Large White turkeys (NRC, 1994) .
An important function of dietary Thr is to provide Gly (Baker et al., 1972) via Thr dehydrogenase and Thr aldolase (Davis and Austic, 1982) to support the metabolic need of uric acid, synthesis of protein, Ser, creatine, and glutathione. Thus, increased amino acid deamination in high CP diets increases the need for uric acid, primarily because poultry lack carbamyl phosphate synthetase activity, which may increase the need for Thr. Recent research in broilers suggest that the NRC (1994) Gly + Ser requirement in the chick is too low and that the Gly + Ser need cannot be met with Glu (Heger and Pack, 1996; Schutte et al., 1997) .
The best BW gain obtained in the Thr-supplemented diets was 25.9, 62.2, and 102.2 g per bird per d from 0 to 3, 3 to 6, and 6 to 9 wk of age, respectively (Table 2) . Turkeys fed Thr test diets from 3 to 9 wk of age exhibited lower BW gain than those fed NRC (1994) values of 24, 81, and 133 g per bird per d from 0 to 3, 3 to 6, and 6 to 9 wk of age, respectively. Although Thrdeficient diets contained adequate essential amino acid levels, they were not fortified with an antibiotic growth promoter, which may have partially reduced BW gains. For example, virginiamycin has been shown to improve Met utilization in Nicholas poults (Harms and Miles, 1983) . Temperatures in the experimental facility varied between 24 and 35 C during the period 3 to 9 wk of age. During each week from 3 to 9 wk of age, the experimental facility had at least 2 consecutive d when temperature reached 35 C, which may have reduced feed intake. Also, average relative humidity was well over 70% from 3 to 9 wk of age. The combined effect of high temperature and humidity may have resulted in extreme thermal stress. Care must be taken when extrapolating Thr needs from the current study to situations in which average daily BW gain is higher than current results. The level of dietary Thr needed to support adequate BW gain and feed conversion from 0 to 3 wk of age was determined as 3.21 g Thr/Mcal ME and 3.34 g Thr/Mcal ME, respectively. These levels agree with Lehmann et al. (1997) , who found that Thr, adequate to support optimum growth in BUT toms from 0 to 4 wk of age, was 3.3 g Thr/Mcal ME. These levels are also in close agreement with the NRC (1994), which recommends 3.57 g Thr/Mcal ME for Large White males from 0 to 4 wk of age. Although the levels of Thr from 3 to 6 and 6 to 9 wk of age cannot be compared to NRC (1994) periods of 4 to 8 and 8 to 12 wk of age, it appears that NRC (1994) estimates of Thr levels are adequate to support growth and feed conversion.
